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http://www.ijbnpa.org/content/11/1/44RESEARCH Open AccessDescribing socioeconomic gradients in children’s
diets – does the socioeconomic indicator used
matter?
Dorota Zarnowiecki1*, Kylie Ball2, Natalie Parletta1 and James Dollman3Abstract
Background: Children of low socioeconomic position (SEP) generally have poorer diets than children of high SEP.
However there is no consensus on which SEP variable is most indicative of SEP differences in children’s diets. This
study investigated associations between diet and various SEP indicators among children aged 9–13 years.
Method: Families (n = 625) were recruited from 27 Adelaide primary schools in 2010. Children completed
semi-quantitative food frequency questionnaires providing intake scores for fruit, vegetables, non-core foods,
sweetened drinks, and healthy and unhealthy eating behaviours. Parents reported demographic information by
telephone interview. Differences in dietary intake scores were compared across parental education, income, occupation,
employment status and home postcode.
Results: Across most SEP indicators, lower SEP was associated with poorer dietary outcomes, including higher intake
of non-core foods and sweetened drinks, and more unhealthy behaviours; and lower intake of fruit and vegetables,
and fewer healthy behaviours. The number and type of significant SEP-diet associations differed across SEP indicators
and dietary outcomes. Mother’s education appeared most frequently as a predictor of children’s dietary intake, and
postcode was the least frequent predictor of children’s dietary intake.
Conclusion: Socioeconomic gradients in children’s dietary intake varied according to the SEP indicator used,
suggesting indicator-specific pathways of influence on children’s dietary intake. Researchers should consider multiple
indicators when defining SEP in relation to children’s eating.
Keywords: Socioeconomic position, Children, Diet, Fruit, Vegetables, Non-core food, Sweet drinksBackground
A relatively consistent body of literature shows that chil-
dren and adolescents of low socioeconomic position
(SEP) are at risk of consuming poorer diets, due to lower
fruit and vegetable consumption [1-3], and higher intake
of snack foods, fast foods and sweetened beverages [3-5].
These types of dietary patterns may contribute to higher
energy and fat intake among children of low SEP [6],
higher obesity rates [7], and higher rates of cardiovascu-
lar disease in later life [8]. The drivers of these SEP gra-
dients in children’s diets are not well understood. One
reason for this may be that it is unclear what aspects of* Correspondence: dorota.zarnowiecki@unisa.edu.au
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distribution, and reproduction in any mediumSEP are most important or how different SEP indicators
might be differentially associated with diet. A better un-
derstanding of this would give insights into potential
mechanisms by which socioeconomic disadvantage leads
to poorer dietary intake.
A range of SEP indicators have been used to identify
associations of SEP with children’s diet. Parent educa-
tion, occupation and income are the most frequently
used SEP indicators [1,9]. In addition to these, SEP has
been defined using census data as an indicator of neigh-
bourhood disadvantage [4,10,11], receipt of reduced cost
or free school meals [12,13], and perceived family afflu-
ence defined by factors such as internet access and car
ownership [14,15]. Composite scores of SEP combining
multiple socioeconomic indicators have also been used
[16,17]. Most studies define SEP using one socioeconomicntral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly credited.
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product of a number of social and economic factors
[20], and several indicators may be needed to more
confidently characterise SEP disparities in children’s dietary
intake [21].
Limited evidence suggests that SEP indicators may
be both independently and synergistically associated
with children’s diet. Vereecken et al. [22] simultaneously
modeled the effects, firstly, of occupation and family
affluence on adolescents’ fruit and soft drink intake,
and secondly, the effect of family affluence, occupation
and school-level affluence. Adolescents from families of
higher affluence and parental occupation status con-
sumed more fruit, and those with parents of high occu-
pation status consumed less soft-drink. These gradients
were maintained but slightly attenuated by the inclusion
of the area-level measures in the final models, indicating
that all three indicators independently contributed to
explaining differences in children’s fruit and soft drink in-
take. Both maternal education and area-level SEP were
independently related with “unhealthy eating” and “un-
healthy snacking” patterns of 11-year old children, when
included simultaneously in adjusted models [23]. The in-
fluence of SEP indicators may also differ for boys and
girls. In multivariate models including seven SEP indica-
tors, maternal education and family affluence independ-
ently predicted adolescent girls’ breakfast consumption,
whereas only perceived family wealth predicted boys’
breakfast consumption [14]. Few other studies have sim-
ultaneously modeled associations of a number of socio-
economic indicators with diet in youth. Among adults,
Lakulla and colleagues [21] modeled multiple SEP indica-
tors in relation to a composite dietary intake score of
healthy food habits in Finnish adults. In final models in-
cluding all seven SEP indicators, significant associations
remained between each indicator of low SEP and less
healthy food habits; however these relationships were at-
tenuated compared with initial independent models for
SEP indices. Galobardes et al. [24] modeled interactions
between education and occupation, showing a significant
additive effect on men’s starchy carbohydrate consumption
(pasta and potatoes), whereby consumption increased by
education level within each occupation group, with highest
consumption among men who were of both low occupa-
tion and low education.
These studies highlight the complexity of conceptual-
izing SEP in health research, and suggest that SEP indi-
cators are not interchangeable but are each operationally
distinct and may influence health behaviours by concep-
tually different processes [25]. While this issue has been
considered in a number of studies of adults [21,24-26],
there has been less consideration of how different SEP
indicators influence children’s dietary intake. A better
understanding of the independent contributions of variousindicators of SEP to children’s diets will help shed light
on both the most vulnerable target groups, and potential
underlying mechanisms for health promotion. Therefore,
the aim of this study was to investigate the strength
and independence of the associations between children’s
dietary intake and various indicators of SEP (education,
occupation, employment status, income, and postcode).
Methods
This was a cross-sectional study conducted in Adelaide,
South Australia from March to November 2010, involv-
ing children aged 9–13 years and their parents. Ethics
approval was obtained from the University of South
Australia Human Research Ethics Committee and the
Department of Education and Children’s Services Ethics
Committee. Parents provided written consent for their
family to participate in the study, and children provided
verbal assent before commencing study measures.
Participant recruitment
Participants were recruited from grades five to seven of
Government primary schools in metropolitan Adelaide.
In Australia, parents may choose to send children to
government, independent or Catholic schools. In this
study, we recruited from government schools which chil-
dren from across all socioeconomic strata attend. Schools
were divided into tertiles by SEP using the School Card
Register (SCR), which ranks schools according to the per-
centage of students receiving means-tested Government
assistance to meet the cost of school attendance. Schools
were randomly selected from each tertile and study
information was sent by email to the school Principal.
Recruitment started in March 2010, and continued until
September 2010 simultaneously with data collection. This
allowed the number of participants completing the study
from each SEP tertile to be monitored and more schools
to be recruited from the required SEP tertile to ensure
an even distribution of participants across socioeco-
nomic strata. Eighty-four schools were sent information
about the study, of which 27 agreed to participate (32%
response rate). Ten of these schools were low SEP, six
mid SEP and 11 high SEP according to the SCR, with a
significantly lower response rate of 28% in low SEP schools
(p < 0.000).
Participating schools distributed study information
sheets and consent forms to parents of students in par-
ticipating classes. Information was distributed to 2575
students, of which 1257 returned consent forms indi-
cating consent to participate in the study (48.8% re-
sponse rate), and 1201 students completed the study
measures (95.6% of participating students). Children
were excluded from participation if they had chronic
conditions affecting dietary intake or seriously limiting
their ability to complete study measures, and if they or
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with sufficient fluency to complete study measures.
Of the 1201 participants, 625 are included in this
analysis as they had both complete food intake data
(from phase 1) and parent-reported demographic infor-
mation (from phase 2 CATI). Demographic informa-
tion was not collected from participants who did not
complete the CATI, and therefore it was not possible to
analyse whether there were any differences between those
and parents who are included in this analysis. However,
children whose parents completed the CATI were signifi-
cantly more likely to live in a neighbourhood of higher
SEP (determined using the SEIFA index described below),
but there was no difference in children’s age, sex or diet-
ary outcomes.
Procedure
The study was conducted over two phases: in the first
phase children completed the Child Nutrition Question-
naire (CNQ), and in the second phase parents completed
a ‘computer-assisted telephone interview’ (CATI). The
CNQ was completed by children online using school
computer facilities during school hours. Groups of 15 to
30 students were supervised during questionnaire com-
pletion by three to four research assistants. At comple-
tion of phase one, parents were invited by telephone call
to complete the CATI if their child had complete survey
data. The CATI was conducted by trained interviewers
with the parent primarily responsible for their child’s
food provision and lasted 15–20 minutes. During the
CATI parents responded to questions about predictors
of children’s health behaviours and demographic infor-
mation about the family.
Study measures
Children’s dietary intake was measured using the Child
Nutrition Questionnaire (CNQ), a semi-quantitative food
frequency questionnaire designed to measure dietary pat-
terns associated with positive energy consumption [27].
The CNQ provided six scores of dietary intake and eating
behaviours, capturing usual patterns of children’s con-
sumption of fruits, vegetables, non-core foods, sweetened
beverages and healthy and unhealthy eating behaviours.
Dietary intake scores were formed by summing scores on
individual responses, with questions about weekly intake
recoded to represent daily intake for consistency between
items. Details about questions, score structure and psy-
chometric properties are provided in Table 1 and have
been previously described [27]. Validity and reliability of
the CNQ were determined to be acceptable by Wilson
et al. [27], and similar to other instruments measuring
dietary intake in this age group [28,29].
Parents reported demographic information about
mother’s education, occupation, household income, homepostcode and parent age and marital status (used as
covariates in data analysis). Maternal demographic char-
acteristics were used as mothers are likely to be the gate-
keepers to family food environments, and as such
maternal socioeconomic factors may more directly impact
children’s dietary habits than paternal socioeconomic fac-
tors [1,30]. Mother’s education level was reported on an
eight point scale ranging from (1) never attended school
to (8) completed postgraduate education. Parents reported
mother’s job title, and this information was coded using
the Australian and New Zealand Standard Classification of
Occupations (ANZSCO) which groups occupations into
eight hierarchical tiers according to level of skills, educa-
tion, responsibility and experience required to perform the
occupation [31]. An additional category was created for
individuals ‘not in the labour force’, comprised of individ-
uals engaged in full-time home duties, retired persons, un-
employed and students. Where insufficient information
was provided in the job title to accurately classify an indi-
vidual, for example ‘public servant’, these data points
were not coded and were treated as missing data. Add-
itionally, mother’s employment status was dichotomised
into employed, and not in the labour force. Gross house-
hold income per annum before tax, including pensions
and government assistance, was reported using seven in-
come brackets ranging from (1) Up to AU$12,000 to (7)
More than AU$100,000. Home postcodes were classified
into tertiles of SEP using the Socioeconomic Index for
Areas (SEIFA) score of disadvantage, an area-level index
of disadvantage based on census data for factors such as
income, education and occupation (Australian Bureau of
Statistics, 2008).
Data analysis
Demographic information collected from parents was
matched with children’s responses to the CNQ. If one or
more items within a dietary outcome score were missing,
the score for that participant was not calculated. Initial
linear models were constructed, adjusted and unadjusted
for clustering by class and school, finding no evidence of
clustering of dietary variables in classes within schools.
All analyses were conducted separately for boys and girls
as SEP associations with diet may differ between boys
and girls [18]. SPSS version 19 was used to generate
descriptive statistics and conduct independent samples
t-tests to compare differences in dietary intake between
boys and girls.
Correlated component regression (CCR) was used to
identify socioeconomic predictors of dietary outcomes.
All SEP variables (mother’s education, income, mother’s
occupation, employment status, and SEIFA) were en-
tered simultaneously into the CCR model along with
possible covariates of child age, mother’s age and marital
status. CCR employs cross-validation with a step-down
Table 1 Summary of questions and mean intake scores from Child Nutrition Questionnaire
Scale Items Response Score
range
Target healthy
value#
Boys (n = 275)
Mean (SD)
Girls (n = 353)
Mean (SD)
Fruit intake (3-items) (1) Consumption of fruit at recess/
lunch/after school, (2) Variety of
fruits consumed yesterday,
(3) Usual serves of fruit per day
(1–2) Tick if consumed;
(3) Frequency scalea
0 - 16 ≥ 6 5.44 (2.92) 5.35 (2.62)
Vegetable intake
(3-items)
(1) Consumption of vegetables at
recess/lunch/after school, (2) variety
of vegetables consumed yesterday,
(3) usual serves of vegetables per day
(1–2) Tick if consumed;
(3) Frequency scalea
0 - 13 ≥ 8 4.72 (2.40) 4.71 (2.40)
Non-core food
intake (2-items)
(1) Consumption of 11 non-core foods
at recess/lunch/after school, (2) No.
times/week non-core foods consumedd
(1) Tick if consumed;
(2) Frequency scaleb
0 - 33 ≤ 1 3.56 (2.33) 3.69 (1.91)
Sweet drink intake
(2-items)
(1) Consumption of sweet drinks (incl. juice)
at recess/lunch/after school, (2) No. times/
week sweet drinks consumed
(1) Tick if consumed;
(2) Frequency scaleb
0 - 14 ≤ 1.3 1.75 (1.35) 1.67 (1.27)
Healthy behaviours
(5-items)
No. times p/week: (1) Eat breakfast, (2) Carry
water bottle, (3) Help with groceries, (4) Help
prepare dinner, (5) Eat dinner with family
Frequency scalec 4 - 20 n/a 17.42* (3.57) 18.42* (3.68)
Unhealthy behaviours
(3-items)
No. times p/week: (1) Eat dinner in front
of TV, (2) Eat snacks in front of TV,
(3) Eat fast food
Frequency scalec 3 - 15 n/a 7.64 (2.84) 7.68 (2.58)
*p = 0.001 for difference in dietary intake scores between boys and girls.
#Target healthy values established by Wilson et al. 2008 [27].
aFrequency scale (scoring in parentheses): I don’t eat fruit/vegetables (0.0), less than 1 serve per day (0.5), 1–2 serves per day (1.5), 3–5 serves per day (4.0), and
more than 5 serves per day (6.0).
bFrequency scale (Weighted for daily consumption by dividing weekly score by seven - shown in parentheses): never/rarely (0.0), less than once/week (0.07), about
1–3 times per week (0.29), about 4–6 times per week (0.71), every day (1.00).
cFrequency scale: never/rarely, less than once/week, about 1–3 times per week, about 4–6 times per week, every day; scored 1–5 respectively.
d(1) 11 non-core food items measured were: potato crisps, chocolate, lollies, muesli bar, savoury biscuits, sweet biscuits, ice-cream/ice-block, hot chips, pie/pasty/
sausage roll, hot dog, pizza; (2) Non-core foods consumed were: chocolate/lollies, potato crisps, hot chips.
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model, producing a linear combination of explanatory
variables used to predict a function of the dependent
variable [32]. The final CCR models reflect the predictors
maximising the R-squared and variance explained by the
predicting equation. CCR was used as it allows for simul-
taneous consideration of multiple SEP variables which
have mixed scale types and may be correlated, as would
be expected with variables representing SEP. Variable im-
portance was compared using both standardized regres-
sion coefficients (β) and cross-validation predictor counts
that reflect the number of occasions the variable ap-
peared as a predictor in regression models. CCR analyses
were conducted using XLSTAT 2012.
Results
Demographic and descriptive data
Complete dietary intake data and demographic infor-
mation were collected from 625 child–parent dyads
(Tables 1 and 2). The mean age of participating chil-
dren was 11.3 years and 56% were girls. Participating
families were well distributed across the socioeconomic
strata for all SEP indicators. Table 1 presents the means
and standard deviations for dietary intake scores strati-
fied by sex. Dietary intake scores were similar for boysand girls except for the healthy behaviour score, which
was significantly higher in girls. Comparison of dietary
intake scores from the CNQ with dietary guidelines is
limited. To enable evaluation of the CNQ dietary intake
scores, target healthy values have been established for
these scores based on Australian dietary guidelines as
listed in Table 1 [27]. Mean vegetable intake scores were
considerably lower than the target healthy value, and
non-core food intake scores were almost four times
greater than the target value. Encouragingly, mean sweet-
ened drink intake scores exceeded the target healthy
value by only a small amount.
Children’s reports of usual serves of fruit and vegeta-
bles consumed each day largely fell short of Australian
dietary recommendations, particularly for older chil-
dren. In this study, 86.9% of boys and 88.7% of girls
aged 9–11 years consumed at least 1–2 serves of fruit
daily as per recommendation, and 35.6% of boys and
33.3% of girls aged 12–13 years met the guideline of
3–4 serves of fruit daily [33]. The vegetable intake rec-
ommendation of 3 serves daily for children aged 9–
11 years was met by 42.4% of boys and 40.2% of girls.
The recommendation of at least 4 serves of vegetables
daily was met by 39.6% of boys and 40.9% of girls aged
12–13 years.
Table 2 Demographic characteristics of participants
All (n = 628) Boys (n = 275) Girls (n = 353)
Child age (years) 11.3 (0.90) 11.4 (0.89) 11.3 (0.90)
School grade (%)
Grade 5 26.2 26.6 26.0
Grade 6 39.9 38.3 41.2
Grade 7 33.9 35.0 32.8
Parent age (years) 42.1 (5.54) 42.3 (5.30) 42.0 (5.70)
Marital status (%)
Partner 78.2 76.2 79.9
No partner 21.8 23.8 20.1
Mother’s education levela (%)
Never attended school 0.2 0.0 0.3
Some high school 22.9 22.3 23.4
Completed high school 19.1 18.2 19.8
Trade or diploma 26.9 24.5 28.5
University degree 19.2 22.3 16.9
Higher University degree 11.8 12.8 11.0
Gross household incomebc (%)
Low 33.9 31.9 35.2
Mid 37.4 39.2 36.1
High 28.7 28.8 28.6
SEIFAd (%)
Low 33.5 31.8 35.0
Mid 31.8 32.8 30.8
High 34.7 35.4 34.2
Mother’s occupatione, f (%)
Managers 7.0 5.9 7.8
Professionals 22.5 24.8 20.8
Technicians and trades 4.4 4.8 4.0
Community and personal service 11.5 12.2 11.0
Clerical and administrative 21.6 20.7 22.0
Sales 4.7 6.7 3.2
Machinery operators and drivers 0.3 0.4 0.3
Labourers 4.9 5.9 4.0
Not in the labour force 21.2 17.4 24.3
Mother’s employment (%)
Not in the labour force 21.7 17.6 24.9
Employed 78.3 82.4 75.1
Data reported as percentage (%) where indicated, or as mean (standard deviation).
aEducation level measured on an 8-point scale (never attended school – higher university degree) – no participants recorded for responses ‘completed some
primary school’ and ‘completed primary school’ so these are not reported in table.
bGross household income reported in Australian Dollars per annum, for all people in the household before tax, including all wages, salary, pensions and
allowances. Low income < $60,000 AUD per annum, mid income = $60,001-$100,000 AUD per annum, high income > $100,000 AUD per annum.
cn = 36 missing responses for income; participants responses ‘refused to answer’ or ‘unsure’.
dSEIFA = Socioeconomic Index for Areas, area-level measure of SES using determined for postal code.
eMother’s occupation coded into eight categories according to Australian and New Zealand Standard Classification of Occupations (ANZSCO). Additional category
created for not in the labour force = individuals engaged in full-time home duties, retired persons, unemployed and students.
fn = 12 missing responses for mother’s occupation; participants did not provide sufficient information to enable accurate coding of occupation.
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Differences in dietary intake by SEP were found for all
outcomes except girls’ healthy behaviours which were
predicted only by marital status, with girls from two-
parent families likely to engage in more healthy behav-
iours (Table 3). In general, mother’s education appeared
to be the most consistent and strongest SEP predictor,
and SEIFA was least frequently predictive of children’s
dietary intake. In most instances, lower SEP was associ-
ated with poorer dietary outcomes, except for girls’ fruit
intake. Overall the variance explained by socioeconomic
factors was low, ranging from 0.5%-2.2% for healthyTable 3 Results of correlated component regression analyses
BOYS (n = 275)
Variable CV predictor
counta
β Model goodness of
fit indicesb
Fruit intake (8 predictors)
SEIFA* 100 0.138 R2 = 0.052
Mother’s education* 100 0.128 R2(CV) = 0.011
Employment* 96 −0.087 SD (CV) = 0.004
Mother’s occupation* 92 0.067
Marital status* 82 0.044
Mother’s age* 79 −0.040
Child age* 64 −0.035
Income* 47 0.024
Vegetable intake (1 predictor)
Mother’s education* 90 0.120 R2 = 0.015
SEIFA 67 R2(CV) = 0.007
Employment 42 SD (CV) = 0.009
Mother’s age 39
Child age 22
Income 17
Mother’s occupation 2
Marital status 1
Healthy behavioursC (4 predictors)
Employment* 100 −0.116 R2 = 0.036
Marital status* 59 0.076 R2(CV) = 0.008
Mother’s occupation* 57 0.082 SD (CV) = 0.004
Mother’s education* 48 0.062
Income 12
SEIFA 3
Mother’s age 1
Child age^ –
*Predictor retained in final model.
^Predictor not retained in any model.
ß = standardised regression coefficient.
aCross-validation predictor count - Represents number of regressions in which pred
all 100 regressions. Indicates importance of predictor together with standardised re
bModel goodness of fit indices: R2(CV) = cross-validated R2; SD (CV) = Standard devia
cHealthy behaviours: Breakfast intake, carrying water bottle, help parents with grocedietary intake outcomes (Table 3), and 0.6% - 4.9% for
unhealthy dietary intake (Table 4). In the strongest model
explaining the most variance, all five SEP factors, mother’s
age and marital status explained 4.9% of variance in girls’
sweetened drink intake.
Fruit intake was predicted by all SEP variables for both
genders. In boys, higher fruit intake was associated with
living in a more advantaged area (higher SEIFA), higher
maternal education, higher household income, employ-
ment in a lower status occupation and mothers not
employed in the labour force. Girls had a higher fruit
intake if mothers were employed in a higher statusfor healthy dietary intake outcome measures
GIRLS (n = 353)
Variable CV predictor
counta
β Model goodness of
fit indicesb
Fruit intake (8 predictors)
Employment* 100 −0.122 R2 = 0.014
Child age* 89 −0.063 R2(CV) = 0.012
Mother’s occupation* 89 −0.063 SD (CV) = 0.009
Marital status* 82 0.033
Mother’s education* 77 −0.010
Mother’s age* 71 −0.013
SEIFA* 71 −0.002
Income* 71 −0.006
Vegetable intake (1 predictor)
Employment* 83 −0.099 R2 = 0.010
Mother’s education 74 R2(CV) = 0.005
Mother’s occupation 10 SD (CV) = 0.003
SEIFA 9
Income 8
Mother’s age 7
Child age 5
Marital status 4
Healthy behavioursC (1 predictors)
Marital status* 54 0.077 R2 = 0.006
SEIFA 31 R2(CV) = 0.022
Child age 16 SD (CV) = 0.013
Mother’s age 12
Mother’s occupation 10
Income 3
Employment 3
Mother’s education 1
ictor appeared. Predictor count of 100 indicates that predictor was present in
gression coefficient (β).
tion for cross-validated R2.
ries, help to prepare dinner, eat dinner with the family.
Table 4 Results of correlated component regression analyses for unhealthy dietary intake outcome measures
BOYS (n = 275) GIRLS (n = 353)
Variable CV predictor
counta
β Model goodness of
fit indicesb
Variable CV predictor
counta
β Model goodness of
fit indicesb
Non-core food intake (1 predictor) Non-core food intake (1 predictor)
Mother’s education* 62 −0.111 R2 = 0.012 Mother’s education* 100 −0.119 R2 = 0.012
Employment 35 R2(CV) = 0.011 Marital status 22 R2(CV) = 0.006
Marital status 21 SD (CV) = 0.008 Employment 8 SD (CV) = 0.003
Mother’s age 20 Income 7
Income 12 Mother’s occupation 6
Child age 10 SEIFA 3
SEIFA 10 Child age 2
Mother’s occupation 10 Mother’s age 2
Sweetened drink intake (6 predictors) Sweetened drink intake (7 predictors)
Child age* 90 0.087 R2 = 0.037 Income* 100 −0.085 R2 = 0.069
Mother’s occupation* 79 0.070 R2(CV) = 0.008 Mother’s education* 100 −0.063 R2(CV) = 0.049
SEIFA* 78 −0.070 SD (CV) = 0.005 Employment* 100 −0.067 SD (CV) = 0.005
Mother’s age* 71 −0.051 Mother’s age* 100 −0.066
Income* 70 −0.057 SEIFA* 99 −0.064
Employment* 66 −0.048 Mother’s occupation* 71 0.049
Mother’s education 34 Marital status* 70 −0.045
Marital status 32 Child age^ –
Unhealthy behavioursC (4 predictors) Unhealthy behavioursC (3 predictors)
Child age* 100 0.128 R2 = 0.063 Mother’s education* 100 −0.184 R2 = 0.063
Mother’s education* 100 −0.121 R2(CV) = 0.037 Mother’s occupation* 100 −0.149 R2(CV) = 0.039
Mother’s occupation* 90 0.088 SD (CV) = 0.005 Employment* 100 −0.255 SD (CV) = 0.003
Income* 87 −0.084 Mother’s age 20
Employment 3 Marital status 20
SEIFA^ – Child age 19
Mother’s age^ – Income 18
Marital status^ – SEIFA 3
*Predictor retained in final model.
^Predictor not retained in any model.
ß = standardised regression coefficient.
aCross-validation predictor count - Represents number of regressions in which predictor appeared. Predictor count of 100 indicates that predictor was present in
all 100 regressions. Indicates importance of predictor together with standardised regression coefficient (β).
bModel goodness of fit indices: R2(CV) = cross-validated R2; SD (CV) = Standard deviation for cross-validated R2.
cUnhealthy behaviours: Eat dinner in front of TV, Eat snacks in front of TV, Eat fast food.
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their mothers had lower education attainment, they
lived in a more disadvantaged area or had a lower house-
hold income. Higher vegetable intake was predicted by
higher maternal education in boys, and mothers not
employed in the labour force in girls. Engagement in
more healthy eating behaviours in boys was predicted by
mothers not employed in the labour force, employment
in a lower status occupation and higher maternal educa-
tion attainment.
Non-core food intake for boys and girls was predicted
by mother’s education, with children of low educatedmothers having higher non-core food intake. Boys con-
sumed more sweetened drinks if mothers were employed
in lower status occupations or not in the labour force,
if they lived in more disadvantaged areas, and had a
lower household income. Higher sweetened drink intake
among girls was predicted by lower household income,
lower education attainment, not being in the labour
force, living in a more disadvantaged area and employ-
ment in a lower status occupation. Boys engaged in more
unhealthy behaviours if their mothers had a lower educa-
tion, were employed in a lower status occupation and
had a lower income. For girls, more unhealthy behaviours
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ment in a lower status occupation and not being in the
labour force.
Discussion
This study explored the role of five socioeconomic indica-
tors in explaining socioeconomic differences in children’s
diets, finding that each indicator was independently asso-
ciated with at least one dietary outcome. In general, lower
SEP was associated with poorer dietary behaviours, specif-
ically higher intake of non-core foods, sweet drinks and
more unhealthy behaviours; and lower intake of fruits,
vegetables and less healthy behaviours. This is consistent
with previous reports of socioeconomic gradients in chil-
dren’s dietary intake [2-6,34,35]. Overall, the amount of
variance explained by predictive CCR models was small,
highlighting that a range of other factors are also import-
ant for children’s dietary intake.
However, this effect size is consistent with the magni-
tude of variance in children’s dietary intake explained by
socio-demographic factors alone in other studies [36].
The dietary intake of children in this study did not meet
suggested dietary targets, and the small differences in
dietary intake between children of different socioeco-
nomic groups suggest that all children, irrespective of
SEP, would benefit from health promotion to improve
dietary intake. However the necessity to target improve-
ments in diets of low SEP children should not be dis-
missed. Socioeconomically-related differences in the
diets of adults are generally larger than those identified
for children [37,38], which may be attributed to declines
to dietary quality during adolescence and therefore low
SEP children are an important target group to improve
eating habits before declines in dietary quality during
adolescence and adulthood [39]. The effect of SEP ap-
peared to be particularly important for girls’ sweetened
drink intake, which was significantly and negatively associ-
ated with all measured SEP variables. This is in contrast to
another study which found SEP predicted boys’, but not
girls’ soft drink consumption [18]. A target area for future
nutrition promotion may be encouraging the reduction of
sweetened drink intake among low SEP children.
The effect of SEP differed between boys and girls, con-
sistent with previous studies [4,18]. In particular, gender
differences were identified in associations of fruit intake
with SEP. In contrast to boys, fruit intake was higher
among girls of low educated mothers, low income
households and living in more disadvantaged neighbour-
hoods. This finding is difficult to explain and requires
further investigation. Fruit, unlike vegetables, typically
requires little preparation or cooking skills, and may be
perceived as an easy to consume snack [40,41]. Low SEP
women have reported lower levels of food preparation and
cooking skills [42], and so might be more likely to providefruit for a handy snack or part of a meal. If so, it is unclear
why this was the case only for girls and not boys. Alterna-
tively, these findings may be due to more general gender
stereotypes around food, eating and health. From an early
age, girls are socialised differently with regard to food and
this may result in more health consciousness, more weight
concerns, and different health beliefs and attitudes, which
are translated into different dietary patterns [43-45]. Girls
may perceive their food environments differently to boys,
reporting more restrictions around eating than boys, des-
pite parent reports indicating no differences in rule impos-
ition between boys and girls [46]. However, it is unclear
how SEP may impact on gender stereotypes around eating
and this warrants future consideration.
Multiple socioeconomic factors independently pre-
dicted many of the dietary outcomes, suggesting the need
to consider multiple socioeconomic indices when explain-
ing gradients in children’s dietary intake. To provide fur-
ther insight into potential covariance and conceptual
overlap among SEP indicators, adjusted bivariate CCR
regression models for each individual SEP indicator
and dietary outcome were conducted (results available
as Additional file 1: Table S1 online). The patterning of
results between adjusted bivariate associations and multi-
variate models was similar, however there was attenu-
ation or amelioration of associations between SEP and
diet in some multivariate models compared with bivariate
associations, suggesting some overlap between SEP vari-
ables. Turrell et al. [25] similarly found that in multivari-
ate models, independent associations of SEP indicators
with food purchasing changed compared with original bi-
variate associations, and suggested that this attenuation
occurred as a result of unmeasured effects due to overlap
between SEP indicators. However, correlations between
SEP indicators are weak, and Turrell et al. [25] cautioned
that researchers should not assume that each SEP indica-
tor is tapping a similar underlying construct, and there-
fore indicators should not be used interchangeably.
Correspondingly, the findings of this study highlight a
risk of misrepresenting socioeconomic gradients if only a
single measure of SEP is used. The differences between
adjusted bivariate associations and multivariate models
suggest that had results solely relied upon bivariate asso-
ciations, the claims about SEP-diet indicators would have
been misstated. Over- or underestimation of socioeco-
nomic gradients in dietary intake may have implications
for the development and implementation of dietary inter-
vention strategies or health promotion campaigns. Dis-
tinct facets of SEP may influence children’s dietary intake
by conceptually different pathways, and therefore inclu-
sion of SEP variables in analyses should be driven by con-
ceptual considerations. Further still, an individual’s SEP
is defined by more than one SEP variable, and these
variables may each influence dietary intake differently,
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SEP indicators and diet. For example, education may
influence occupation and income, which may then im-
pact on diet; in this case occupation and income would
be mediating variables. Formal tests of mediation were
beyond the scope of this investigation, but future studies
should consider the mediating role and interplay between
different SEP variables in associations of SEP and chil-
dren’s diet. We refer readers to Turrell et al. [25] which
provides a detailed discussion of the stability and robust-
ness of different SEP indicators in relation to adult diet.
Given the evidence for the importance of each SEP indi-
cator independently in relation to eating, in the following
section we consider theoretical conceptual pathways of
influence for SEP on children’s diet.
Mother’s education level was the most consistent pre-
dictor across all dietary outcomes. Low education was
associated with higher intake of non-core foods and
sweetened drinks, and more unhealthy behaviours, as
well as lower vegetable intake and less healthy behav-
iours. Maternal education has been identified as the
most consistent predictor of children’s diet, and low mater-
nal education has been associated with poorer dietary in-
take across a range of dietary outcomes [1,3,5,23,34,47].
Higher education may enable individuals to better access,
assimilate and put into practice health information [48,49],
and may therefore better equip parents to understand
and make use of health and nutrition information. Par-
ents of lower education may have poorer nutrition
knowledge [49,50], and consider health less often when
making food choices for themselves and their children
[48,51]. Conversely, parents of higher education may
place more importance on healthy eating, which may be
related with better nutrition knowledge [52]. Nutrition
knowledge and health consideration may be related with
healthier dietary intake among mothers and children, and
may inform the types of foods parents provide for their
family [49,51,53,54].
Findings for the effect of mother’s occupation and em-
ployment on children’s dietary intake were mixed. On
the one hand, employment in higher status occupations
was associated with more fruit intake and less sweetened
drink intake, consistent with previous studies [18,19].
Unexpectedly, boys of mothers in higher status occupa-
tions reported less fruit intake and healthy behaviours
and more unhealthy behaviours. This was explored fur-
ther by considering the effect of maternal employment
on children’s dietary intake, and we found that employ-
ment was associated with dietary intake independently of
mother’s occupation. Children of employed mothers were
likely to consume more sweetened drinks, fewer fruits and
vegetables and engage in less healthy behaviours. Time
spent in employment may impact on the time mothers
have to engage in activities that can positively influencechildren’s food intake, such as supervising breakfast con-
sumption, eating family meals and engaging children in
food shopping. Time-poor mothers may be more reliant
on takeaway meals, contributing to lower consumption of
fruit and vegetables [1]. Neumark-Sztainer [55] reported
that adolescents of unemployed mothers consumed family
meals more frequently, and this was related to more posi-
tive dietary behaviours. Younger children of employed
mothers had a higher sweetened drink intake and a lower
likelihood of consuming fruits and vegetables as a snack
[56]. Sweeting and West [23] found children of mothers in
part-time employment to have a significantly lower risk
for unhealthy eating, suggesting these mothers may have
an economic advantage over homemakers and a time ad-
vantage over mothers who are employed full-time [23].
Occupation determines working conditions such as time
spent in employment, flexibility of working arrangements
and differential exposure to work place stressors, and
these factors may affect children’s dietary intake [24,25].
Given this, it is likely that a combination of factors related
to both occupation and employment influence children’s
food intake.
This study found that higher income independently
predicted more fruit intake and less sweetened drink in-
take and unhealthy behaviours. Income appeared less
frequently as a predictor of children’s dietary intake than
education, occupation and employment. This is consist-
ent with previous literature, except that previous authors
have also found income to be positively associated with
vegetable consumption [1,28,35]. Income reflects the fi-
nancial resources available for food purchasing, acces-
sing resources and health professionals. Low income
families may prioritise non-food expenses such as rent/
mortgage, utility bills and school fees over food and
health expenditure, as these expenses are less flexible
[57], and must allocate a greater proportion of their
overall income to purchasing food. Purchasing groceries
according to dietary guidelines costs low income families
35-44% of their disposable income compared to approxi-
mately 20% for families of average income [57,58]. Pur-
chasing patterns of low-income families indicate they
may purchase fewer fruits and vegetables, foods high in
fibre, low in fat, sugar and salt [59,60]. Healthy foods,
particularly fruit and vegetables, may be perceived to be
more expensive [61] and low-income adults are more
likely to report price as a barrier to fruit and vegetable
consumption [62,63].
SEIFA appeared least frequently as a predictor of dietary
intake, with an effect of smaller magnitude compared with
the other socioeconomic indicators. Living in a more dis-
advantaged area predicted higher sweetened drink intake
and more unhealthy behaviours, and lower fruit intake
for boys. The types of foods readily available for purchase
in close proximity to the family home may influence
Zarnowiecki et al. International Journal of Behavioral Nutrition and Physical Activity 2014, 11:44 Page 10 of 12
http://www.ijbnpa.org/content/11/1/44children’s food consumption [64]. More access to con-
venience stores and fast food restaurants may contribute
to higher intake of processed snack foods, displacing
intake of fruits and vegetables [65,66]. However the evi-
dence for disproportionate access to food stores by
neighbourhood disadvantage is mixed. Studies conducted
in the USA suggest that disadvantaged neighbourhoods
may have fewer supermarkets and more convenience
stores, resulting in higher prices and lower availability
of healthy foods [67-71]. Evidence from Australian studies
is less consistent, with some studies suggesting better ac-
cess to supermarkets and greengrocers in more advan-
taged neighbourhoods [72,73], but other authors finding
no difference in store availability between low and high
SEP neighbourhoods [74]. Evidence of neighbourhood
variation in takeaway and fast-food outlets is mixed,
with studies showing no socioeconomic differences
[75]; a higher density of fast-food outlets in low socio-
economic areas [76]; and conversely closer proximity
to fast-food restaurants in more advantaged areas [73].
It is likely that the relationships between diet and neigh-
bourhood are culturally and contextually specific, and may
differ by region, state and country.
Strengths and limitations of study
As this study was cross-sectional causality cannot be
inferred, and although cross-sectional studies offer a
snapshot of current associations, factors resulting in be-
haviour change cannot be identified. Individual SEP may
predict participation in research, with lower participation
rates among individuals of low SEP, and non-responders
to dietary surveys may also differ from responders on
dietary intake and attitudes [77,78]. This indicates a risk
of a recruitment bias, whereby parents more ‘concerned’
about health and nutrition may have opted to participate
which may have influenced the types of responses in
questionnaires. However, parents were offered a $30 vou-
cher as compensation for time taken to participate in the
study, to encourage some parents to participate who may
not have otherwise done so. There were no differences in
scores reported for dietary intake between children who
did and did not participate in phase two; however fam-
ilies who participated in phase two resided in neigh-
bourhoods of higher SEP than those who did not.
This potential respondent bias must be recognised as a
limitation of this study, despite achieving a socioeconom-
ically stratified participant sample and providing incen-
tives for participation. Finally, the limitations of children
reporting their own dietary intake need to be recognised,
in terms of reporting errors and poorer recall of intake.
However, the CNQ has been shown to have acceptable
validity and reliability in children of this age group [27]
and children of this age are capable of self-reporting diet-
ary intake [79]. The strengths of this study include therelatively even distribution of the sample across so-
cioeconomic strata. Multiple dimensions of SEP were
considered simultaneously, allowing for independent and
shared effects of demographic variables to be determined.
Analyses were conducted separately for boys and girls,
enabling the identification of sex-specific socioeconomic
predictors of dietary intake. SEP data were not reduced
into broad categories for analysis (i.e. low versus high),
therefore increasing the sensitivity to detecting gradi-
ents across SEP strata. Online administration of the
CNQ allowed for in-built measures, such as forced ques-
tion response, to minimise missing data and reduce er-
rors associated with data entry.
Conclusions
Education, occupation/employment, income and to a lesser
extent SEIFA were all associated with children’s dietary in-
take, in most situations (except girls’ fruit intake) with low
SEP being associated with poorer dietary outcomes. Vary-
ing associations of SEP with diet were observed across
different indicators of both SEP and diet, suggesting that
different components of SEP may affect children’s eating
differently, and therefore researchers should consider mul-
tiple SEP indicators when defining SEP in relation to chil-
dren’s eating.
By conducting multivariate models, we were able to
identify that education, occupation and income are all
independently associated with various indices of children’s
dietary intake, and that the nature of the association of
SEP with diet differs according to children’s gender and
the dietary outcome in question.
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Additional file 1: Table S1. Bivariate models of associations of
socioeconomic indicators with children’s dietary intake.
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